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Abstract: The protection of power substations against lightning over voltages is important for the reliable operation of 

the electrical network, since region surges often are chargeable for serious damages of apparatus, leading to power 

provide interruptions. Studies on the lightning performance of substations are necessary so as to calculate the expected 

over voltages and take the suitable measures. To the present direction, during this paper analyses for the lightning 

overvoltage performance of HV/MV substations are performed, considering varied factors, like the grounding 

resistance, the installation position of surge arresters and also the length of the underground cables. Main novelty of 

this work is that the outcomes of the lightning performance study are bestowed on an individual basis for each direct 

lightning hits and back flashover, whereas the analyses take into consideration not solely the grounding resistance 

(which is that the common observe in similar studies) however additionally the cable and also the installation position 

of surge arresters. The obtained results may be helpful for engineers and power utilities for the advance of the lightning 

performance of already existed substations or for the simpler style of recent ones. 
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I. INTRODUCTION 

 

The protection of High-Voltage/Medium-Voltage (HV/MV) substations against region over voltages and also the 

improvement of their lightning performance are technical problems with nice importance, since they're associated with 

safe, uninterrupted and top quality power provide. HV/MV substations are important elements of the electric power 

system being the border between transmission and distribution system. The fundamental elements of a typical station 

are the facility transformers, the incoming overhead transmission lines, the cables, the circuit breakers, this 

transformers, the disconnect switches and also the ground switches. External over voltages will cause many damages to 

a station, resulting in insulation breakdowns, a series of malfunctions, power interruptions and issues of safety to the 

personnel [1-3]. What is more, lightning surges might also cause dangerous magnetic force interference issues to low 

voltage systems and particularly to electronic devices [4, 5]. Hence, the study of the lightning repercussions and also 

the style of AN acceptable lighting protection system for substations may be a crucial issue, considering the 

complexness of these installations and their high investment price. The adoption of the suitable protection measures per 

the fundamental tips of the International commonplace [3] will contribute to the limitation of the developed over 

voltages and also the reduction of the expected lightning faults. The planning of a lightning protection system must take 

into thought the random nature of the external over voltages phenomena and also the varied techno economic factors 

and restrictions of a station.  

The position of the lightning hit, the geometrical characteristics of the external lightning protection system, the 

grounding resistance and also the Basic Insulation Level (BIL) are parameters that have an effect on the intensity of the 

lightning impact. Additionally, the installation or not of surge arresters at varied positions of the substations contains a 

decisive impact on the magnitude of the developed over voltages and, consequently, the expected outage rate [6, 7]. 

The protection of substations against the harmful effects of lightning is also achieved by victimisation highest 

insulation levels, taking under consideration the monetary price, or by putting in overhead ground wires so as to 

intercept the lightning flashes [8-10]. The implementation of metal compound gapless surge arresters can even 

contribute to the advance of the lightning performance of the installation, particularly in regions with high soil electric 

resistance [11, 12]. Moreover, the incoming surges from the connected overhead transmission lines have to be 

compelled to be thought of. Considering that AN external lightning protection system (overhead ground wires) 

combined with the action of low values of substation’s grounding resistance supply AN adequate protection against 

direct lightning hits, the incoming surges consists the most danger for the insulation of the installation. For this reason, 

the tower footing resistance contains a key role for the lightning performance of the station. In the current work, over 

voltages at completely different positions of a HV/MV station are calculated, considering the role of the tower footing 

grounding, the length of the cable and also the installation position of the arresters. The bestowed analyses concern 

lightning hits on the section conductors and on the overhead ground wires of the connected transmission lines, 
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considering that the external Lightning Protection System (LPS) of the station protects adequately the station against 

direct lightning hits. Compared with different similar studies, this work reveals the necessary role of the length of the 

cable and examines completely different situations for the location of the arresters. Scope of this paper is to focus on 

that the lightning performance of the substations depends on varied factors, except the grounding resistance.  

 

II. LIGHTNING PROTECTION OF SUBSTATIONS 

 

Lightning surges stress the insulation of the instrumentality and should lead to tripping of the protecting devices, 

destruction of important elements of the station and a general destabilization of the system. A risk management 

assessment must be performed so as to predict the doable dangers and install the suitable instrumentality restraining the 

lightning effects. A four-step procedure is usually recommended in [1] to intercept the lightning flashes evaluating the 

importance and also the price of the beneath protection installation, work the keraunik level and also the exposure of 

the station, coming up with the lightning protection system per AN acceptable technique and evaluating the 

effectiveness and also the price of the lightning protection system (LPS). The foremost wide used ways for the planning 

of an efficient external LPS are the fastened angles technique, the empirical curves technique and also the electro-

geometrical model [1, 3]. What is more, the lightning performance of a station may be improved by putting in surge 

arresters at important positions of the system. The installation position of the arresters plays necessary role, as a result 

of the very fact that over voltages behave as move waves. Fig. 1(a) depicts AN overvoltage running towards a electrical 

device, forward a propagation rate up to the speed of the sunshine. The arrester hook presents a perfect behaviour, 

limiting the required residual voltage. Fig. 1(b) presents the over voltages at the terminal ends of the arrester hook and 

also the electrical device. It should be mentioned that a voltage wave is completely mirrored once reaching AN 

unterminated finish of a line. The voltage level at each instant and at each purpose on the road results from the add of 

the various instant values of every individual voltage wave, considering the refractions and reflections as a result of the 

changes of the surge electrical resistance.  

 

A connected electrical device behaves as AN unterminated finish, since its winding inductivity for quick voltage 

waveforms presents a lot of higher electrical resistance compared with the electrical resistance of the road. Thus, at the 

terminated finish this price are doubled. This analysis highlights the importance of the installation position of the 

arrester hook, action the very fact that the residual voltage across the arrester hook terminals might considerably vary 

from the developed voltage at the doorway of the electrical device. The effective protection offered by AN fittingly 

designed LPS needs additionally the action of low grounding resistance values. a correct station grounding system 

provides a path that diverts the fault currents to earth, while not prodigious the material stands up to of the equipment; 

at the same time, grounding system protects personnel against the hazards of electrical shock beneath fault conditions 

[1, 3]. Basic a part of the grounding system is that the ground grid, consisted of conductors and rods. Additionally, the 

grounding system includes all of the interconnected grounding facilities within the station space, together with the 

bottom grid, overhead ground wires, neutral conductors, underground cables, etc. [1]. In general, the grounding 

resistance of HV stations is sometimes terribly low (lower than 1Ω) so as to confirm low bit and step potentials within 

the substation. However, the tower grounding resistance of the connected overhead transmission lines varies, leading to 

the event of dangerous incoming surges. 

 

 
Fig. 1 (a) Power electrical device protected by a surge arrester hook 

http://206.189.223.122/wp-content/uploads/2014/12/IJIREEICE-20.pdf


IJIREEICE 
 ISSN (Online) 2321-2004 

   ISSN (Print) 2321-5526 

  

International Journal of Innovative Research in 
Electrical, Electronics, Instrumentation and Control Engineering 

ISO 3297:2007 Certified 

Vol. 6, Issue 6, June 2018 
 

Copyright to IJIREEICE                                                      DOI  10.17148/IJIREEICE.2018.667                                                             28 
 

 
Fig. 1 (b) Developed over voltages at the terminals of the arrester hook and also the electrical device 

 

III.  SYSTEM CONFIGURATION 
 

In general, the substations are adequately protected against direct lightning hits, per the methodologies and also the 

electro-geometrical models, bestowed in section two. Consequently, lightning surges that run into the overhead 

transmission lines that are connected with the substations are the most reason behind overvoltage stresses of the 

insulation of the substations’ instrumentality. Just in case that lightning hits directly the section conductors of the 

transmission lines, 2 move waves seem the magnitude of that depends on the lightning peak current and also the surge 

electrical resistance of the conductors. The overvoltage wave can hit the doorway of the station and might lead to many 

serious damages of the parts of the substations. it's price mentioning, that the developed overvoltage isn't influenced by 

the tower footing resistance and also the distinctive protecting live is that the installation of surge arresters. Moreover, 

the position of the lightning hit, the length of the cable, the characteristics of the enforced surge arresters, the position 

of the installation of the arresters and also the grounding resistance of the arresters are important factors that verify the 

potency of the lightning protection system and have an effect on the lightning performance of the station. If a surge 

arrester hook is put in between section and earth of a line, a part of the lightning current are pleased to the grounding 

system (Fig. 3), counting on the achieved grounding resistance. The low values of the grounding resistance make sure 

that nearly the overall current can experience the arrester hook and also the developed overvoltage won't exceed the 

insulation level of the system. This analysis is performed for the configuration of Fig. 2.  

 
Fig. 2 System configuration 

 

A lightning of 35 KA hits a section conductor of a one hundred fifty potential unit overhead line. The developed 

voltage surge travels through the conductor and also the cable to the substation’s electrical device (150/20 kV). The 

developed over voltages at the start (position B) and also the finish (position D) of the cable are calculable, by using 

acceptable simulation tool. The tower footing resistance has no influence on the expected over voltages. As so much 

because the length of the cable (BD) issues the obtained results show that longer cables lead to the reduction of the 

developed  over voltages. What is more, the installation position of the arresters is of nice importance for the suitable 

lightning performance of the station. The rise of the space between the arrester hook and also the electrical device 

reduces the effectiveness of the put in arresters, during a means that the overvoltage might exceed the BIL, counting on 

the opposite parameters, i.e., the magnitude of the surge, the grounding resistance and also the length of the cable.  
 

Especially, in case of cables with length but a thousand m the matter is additional intense, since the initial surge is 

higher and a non-appropriately put in arrester hook won't shield the instrumentality. For this reason, the protection 

distance of the arresters must be taken into thought throughout the initial style of the installation and also the choice of 

the characteristics of the arresters.  
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Over voltages in case of indirect lightning hit 

When a lightning hits the bottom wire or the tower of AN overhead line, the magnitude of the developed overvoltage 

depends on the tower footing resistance, the induction of the tower and also the rise time of the injected lightning 

current (Fig. 3). If the overvoltage exceeds the insulation level of the road, a back flashover is occurred. The ensuing 

surge propagates to the connected station and might cause serious malfunctions of the system. Back flashover at the 

connected transmission lines may be a common reason of substations’ instrumentality faults and damages. 

 
Fig. 3 Lightning hit on the bronze tower of AN overhead line 

 

The lightning performance of the system may be improved by putting in surge arresters in parallel with the insulators 

and at the first facet of the electrical device (Fig. 4). Surge arresters divert this of the lightning strike to earth and 

restrain the BIL. The installation of metal compound gapless surge arresters is important, otherwise the incoming 

voltage waves can stress the insulation of the instrumentality, leading to faults and interruption of the traditional 

operation of the station. A lightning of two hundred Ka hits the grounding wire of a one hundred fifty potential unit 

overhead line.  

If the arising voltage exceeds the fundamental insulation level (750 kV) then a back flashover happens [14, 15]. The 

developed voltage surges travel through the conductor and also the cable to the substation’s electrical device (150/20 

kV). The developed over voltages at the start (position B) and also the finish (position D) of the cable are calculable, by 

victimisation acceptable simulation tool. It’s price mentioning that the chosen level of the injected lightning current is 

extraordinarily higher compared to the thought of one just in case of direct hit, since per the applied electro-geometrical 

model, high currents strike the towers or the overhead ground wires and low currents hit the section conductors. A 

lightning current of two hundred Ka peak might produce AN overvoltage higher than the outlined limit, influenced by 

the grounding resistance, the insulators and also the implementation (or not) of arresters. 

 
Fig. 4 Overhead line protected by surge arresters 

 

The action of low grounding resistance values may be a decisive parameter, so as to confirm the adequate lightning 

protection of the station. Surge arresters cannot supply the demanded protection level, if the grounding system isn't 

acceptable. Consequently, the installation of surge arresters cannot continuously warrant the reduction of the expected 

over voltages. The potency of the surge arresters is additionally strengthened by the length of the cable. The 
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calculations show that the calculable over voltages are powerfully captivated with the space (BD). Additionally, the 

installation position of the arresters is of nice importance, relating to the protecting distance. 
 

 • The developed over voltages are powerfully captivated with the length of the cable. Long cables present a much 

better lightning performance.  

• Tower footing resistance has no influence on the expected over voltages.  

 • The arresters ought to be put in close to electrical device, otherwise the voltage at the instrumentality to be protected 

are significantly on top of the residual voltage at the terminals of the arrester hook.  
 

The case of a lightning that hits on the tower or the bottom wires of the connected line is taken into account a 

significant threat for the protection and also the traditional operation of the substations. the suitable protection against 

back flashover phenomena needs the data of the expected surges, so as to style the lightning protection configuration 

and choose the electrical characteristics of the protecting suggests that. To the present direction, the performed analyses 

highlight varied aspects that the designers ought to take under consideration throughout the initial study of the lightning 

protection system of the station, such as: 

• Low values of tower footinig resistance continuously improve the lightning performance of the line; low tower 

footing resistances don't permit the potential of the tower to exceed the BIL and prevents back flashover. 

• Long cable lengths contribute to the reduction of the expected over voltages. Especially, just in case that the tower 

footing resistance can't be improved, the rise of the cable will balance the negative effects of the inadequate grounding 

system. 

• The protecting distance of the put in arresters depends on the slope of the incoming surge and also the nominal 

protection level of the device. The installation of the arresters distant from the instrumentality to be protected reduces 

their potency, leading to the event of great over voltages on top of the nominal residual voltage of the arresters. 

 

IV.  CONCLUSION 

 

The paper presents studies on the lightning overvoltage performance of HV/MV substations so as to contribute in their 

simpler lightning protection. Additionally, to the grounding resistance that previous studies take into thought, this work 

considers additionally different necessary factors like the installation position of surge arresters and also the length of 

the underground cables. it's tested that each of these factors influence considerably the lightning performance of 

HV/MV substations. what is more each direct lightning hits and back flashover development are thought of within the 

studies. The obtained results may be terribly helpful to engineers and power utilities for the advance of the lightning 

performance of already existed HV/MV substations or for the simpler style of recent ones. 
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